Target plate fluxes (C,H) were measured in the island divertor experiment of W7-AS by CCD cameras equipped with interference filters. Strike point patterns depend strongly on the confinement regime. Carbon fluxes are given for attached divertor plasmas under HDH and normal confinement conditions. Our studies show that the basic picture of the radiation zones which has emerged from the investigation of tokamak divertors has to be completed for the island divertor by additional radiation zones in the X-point regions.
Introduction
Divertors in fusion devices are the main region for plasma-wall-interaction. The plasma impinges onto the target plates and the wall material is released either by physical or chemical sputtering. The neutral impurities are ionized and distributed by transport. At sufficiently high plasma temperatures the impurity radiation is localized near the target plates in the divertor (attached radiation or attached state). In this case, the strike point pattern of the hydrogen radiation and the impurity radiation pattern is very similar. This picture of plasma-surface interaction arose at the studies of tokamak divertors. We present here similar investigations of the impurity radiation pattern for attached plasmas in the island divertor of the W7-AS stellarator.
Experimental
The target tiles of one bottom divertor shield in W7-AS (see Fig. 1 ) for the island divertor geometry) were routinely observed by three CCD cameras. Two cameras were operated at constant wavelength for the detection of hydrogen and carbon. The third camera was used for special investigations with changing interference filters. The unchanged wavelengths were the H α line at 656 nm and a CII doublet line at 658 nm. In order to separate both lines very narrow interference filters were chosen with a FWHM of 1.2 nm. Using the H α and the CII data, the influx of carbon and hydrogen from the target plates can be characterized.
Data evaluation
The temperature in the stellarator edge plasma is sufficiently high in most cases so that neutral species entering the plasma are rapidly ionized. For ionizing plasma conditions the particle flux Γ is given by
where S is the ionization rate, X is the excitation rate, B is the branching ratio (a constant number for each spectral line) and I is the measured intensity [1] . The application to the special spectral lines for CII and H mentioned above (658 nm and 656 nm, respectively) is discussed in detail in [2] .
In general, the atomic physics factor S/XB is a function of electron density and temperature. At densities as characteristic for the edge of W7-AS (up to 6.5 · 10 ) the density dependence can be neglected. The dependence on temperature, however, must be considered. For H α the value of S/XB is constant for T e above 8 eV. Thus, we can assume a constant value for the most cases. Corrections are necessary for lower temperatures. Another correction may be necessary when the hydrogen is predominantly released as hydrogen molecules [3] . For the CII wave-length S/XB is an increasing function of the temperature (see Fig. 2 ). If the temperature cannot be estimated, e.g. by a probe measurement, the calculated carbon influx has a relatively high uncertainty. From the measurement of the doublet line follows only the ground state density of the doublet system. Calculations have shown that approximately the same amount of carbon ions is in the quartet system [2] . Thus, a factor of 2 can be applied to S/XB to consider for the quartet system but this is usually within the uncertainty due to the temperature dependence.
4 Particle fluxes over the whole operation space Fig. 3 shows the maximum H α intensity at the target plate as a function of the separatrix upstream density. Data is plotted for the standard discharge of W7-AS from two selected target tiles for which a comparison with the Langmuir probes is possible: the inner strike point at tile 13 (strike point A) and the outer strike point at tile 5 (strike point D, see [4] for details of the divertor geometry). For edge densities up to 6.2 * 10
the intensities rise almost linearly. In this region S/XB is constant so that the intensities can be interpreted as a particle flux. We do not observe a high-recycling regime with its non-linear increase of the particle flux (flux amplification). Between separatrix densities of 4 and 6.2 * 10 19 m −3 the divertor plasma can detach. This state of the divertor plasma is characterized by a reduced H α intensity and thus a reduced particle flux. In this region the H α signal cannot always be interpreted as a particle flux. A comparison with the Langmuir probe results shows that the particle fluxes at the inner strike point of target tile 13 can be lower than those estimated with a constant S/XB (see Fig. 3 ). In these discharges the temperature is significantly lower than 8 eV. Consequently, the temperature dependence of S/XB has to be considered. At the outer strike point D of tile 5 the temperature falls never below 8 eV even during detachment and the H α signal is always proportional to the particle flux over the whole operation range. Note, that there is no volume recombination in the bottom divertor which is necessary for the interpretation of the H α -signal as a particle flux.
In the attached divertor plasmas (linear relation of the particle flux to the separatrix density) we observe two different confinement regimes [5] . Below a separatrix density of 3 * 10
we have the normal confinement regime (NC). Above this threshold density we observe the high-density H-Mode (HDH-mode). In the next two sections we analyze the particle flux patterns for the two regimes. Fig. 3 . The CII intensity was multiplied by a factor of 20 to match approximately the H α profile. Despite the temperature dependence of S/XB for the CII transition, the correspondence of both profiles is quite good. Two strike lines were labeled with B and D according to the designation of the island fans in [4] . From field line simulations it follows that for target tiles 1-11 the island fans B and D intersect the target plates as observed. Thus, in the NC regime we observe the divertor strike points due to the island geometry and the resulting carbon influx. A rough estimation shows that the intensity difference (factor 20) is in the expected order of magnitude when assuming sputtering as the release mechanism for carbon. Assuming equal S/XB factors for both spectral lines, the inverse of the factor gives the sputtering rate which is as large as expected for physical sputtering (5%). 16 corresponding to t=0.525 s) . Again, the CII intensity was matched to the H α profile, especially the island fans B and D. There are, however, two additional peaks in the carbon emission which do not have a corresponding strike point in the hydrogen emission. We conclude, that the additional CII radiation peaks do not originate from carbon released from the target plate, either dissociated from methane or physically sputtered, ionized to CII and excited. We assume that the emission is at the border between the divertor and the main plasma decoupled from the divertor plasma. In order to test this hypothesis, we use a ray-tracing calculation approach based on the calculated vacuum magnetic field for the investigated discharge [6] . The result of such modeling are the projected positions of the magnetic x-lines onto the target. Fig. 6 shows the result for x-line 8 together with the measured two-dimensional CII emission. Both the position and the curvature fit well to the observed radiation zone. Based on these simulations we identified the additional peaks in Fig.5 as x-lines 8 and 9.
High Density H-mode
6 Carbon strike point emission versus density the CII intensity from the outer strike point D rises by more than a factor of two. The CII emission from the inner strike point B is unchanged at the transition to the HDH-mode. It follows approximately the separatrix density and, thus, the particle flux to the target tile. In contrast to the H α emission, the CII intensity cannot directly interpreted as a carbon flux since S/XB is dependent on temperature. Langmuir probe measurements showed a temperature drop at the transition from NC to HDH. At strike point D on target tile 5 the temperature falls from 70 to 35 eV.
Consequently, S/XB reduces from 32 to 20. The intensity must be corrected by the reduced factor to get the carbon flux. In Fig. 7 the CII intensities in the HDH-regime were corrected and a relative influx was plotted. Thus, the jump of the CII intensity at the HDH transition is only due to the temperature drop. Applying the correct value for S/XB we find that the carbon influx from the outer strike point D saturates in the HDH-mode.
Summary
Our study of attached divertor plasmas has two main results:
• In the NC regime the strike point pattern can be well understood at target tile 5. With the transition to the HDH-mode two additional carbon radiation zones appear in the lower divertor. They do not have a corresponding strike line pattern in the hydrogen emission and, consequently, they do not result from local plasma-wall-interaction. They can be well explained by carbon radiation in the X-points. Consequently, the radiation pattern in the island divertor is composed by two different parts: The first one by plasma-wall interaction (Carbon sources at the target plates) and the second one by carbon transport (Carbon sources from the plasma volume). Note that the discharges are attached, i.e. the CII radiation from plasma-wall-interaction is attached to the target tiles.
• The carbon influx depends on the confinement regime. In the NC regime we observe a linear increase with the edge density while in the HDH mode the carbon flux is constant. At the HDH-transition we observe a drop of the strike point (D) temperature by a factor of two (from 70 to 35 eV). Flux evaluation must consider the temperature dependence of S/XB for the special wavelength. ) the intensity of the outer strike line rises by more than a factor of two. Right: Relative carbon influx from the outer strike point D.
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